Four alloys were tested which are being considered for use in making partial denture castings. The procedure was varied by using three spruing methods, two different waxes, two melt temperatures, and two different directions of filling. Statistical analysis techniques were used to determine the significance of the results. Spruing method was the most highly influencial of the variables and the flat method gave the best results. This method also is most relevant to clinical procedure. The effect of temperature, in fewer instances, was also influential. At a lesser level of signifiacnce direction of filling, and in one instance wax, had an effect.
INTRODUCTION
The process of preparing a Co-Cr partial denture casting from the original impression taken in the mouth is very exacting. During each step of the preparations, many variables can operate to affect the finished product.
In order to fit in the mouth, the casting must fulfill certain requirements. Not only must physical properties be adequate; in addition, the surface must be smooth and the final casting should closely approximate the dimensions of the original pattern. Thus, the investment must have a certain per cent expansion and this must be known for the range of temperatures being c0nsidered.l Also, the per cent shrinkage of the metal must be known.
Earnshaw2 has studied extensively the expansion of various investments during setting, heating, and cooling. Dootz et studied this area while using the actual partial denture cast. Other investigators also have contributed to various aspects of this area. Carter and Kidd4 have reported the influence of casting variables on the dimensions of the metal. Earnshaw also has studied casting shrinkage of Co-Cr alloy^.^,^ Also, the metal can react with the investment during the casting procedure. If the reaction is serious enough, the surface will be marred so that excessive polishing will be necessary to obtain the smooth surface required for use in the mouth, and the dimensional limits will be exceeded. Asgar and Peyton7 have found that casting of an overheated melt resulted in an unacceptable surface. Further work by Allari and Asgars has shown the effect of the investment in this interface reaction. Other factors involved in surface reaction are the composition of the melt, temperature of the melt, and temperature of the mold.
Although the above-mentioned variables are usually the objective of most investigations, the finished casting can also be affected by other factors. The type of wax used for forming the pattern can add contaminants to the system. Also the atmosphere in which the metal is heated and cast can react with the molten metal causing cont a m i n a t i~n .~J~ On the other hand, reducing the atmosphere (i.e., vacuum) can also affect the composition and solubility of elements in the melt.1°-12
The concern with the variations of all these factors is their influence on the properties of the cast alloy. Again, extensive programs have been carried out on the properties of Co-Cr alloy^^^-^^ and of the cast denture.18 I n order to improve the mechanical properties, heat treatment has been tried,1g-21 but with limited success. In the same vein, the cooling rate has been varied.lg
Recently, the effect of additional elements has been studied quite extensively.22-26 Several new alloys have been s t~d i e d ,~~.~~ some applicable in d e n t i~t r y .~~,~~ Since a variation in forming will give different results for properties, the samples for testing should be prepared uniformly. The spruing setup will determine which portion will fill first and solidify first. This, in turn, determines the grain size and the distribution of phases.
All these variables have been considered before. Some have been the object of detailed investigation. The effect of other variables has been conjecture. However, in a system such as this, can one variable be isolated from the rest? The importance of each variable in the system must be defined and the interrelationships between the variables must be determined. These considerations have been the goal of our investigation.
In this study test samples were prepared under predetermined conditions. Then the mechanical properties of these samples were obtained. These values were coded into a computer program and statistical analysis techniques were applied. Thus, not only were the mechanical properties obtained, but also the significance of each of the variables mentioned above was determined.
EXPERIMENTAL

Variables Considered
The stages of making the casting were studied, and each possible These (Table I1 gives the The compositions and sources of the alloys variation in the procedure and choice of materials was noted. variables are presented and explained in Table I . casting temperatures.) are given in Table 111 .
Laboratory Procedure
Forty samples were cast for each alloy. The samples were waxedup and cast following normal dental techniques. Figure 1 describes the spruing methods. V-R investment (Austenal Dental Division of Howmet Corp., Chicago, Illinois) was used. The mold was burned out at 1600°F for an hour and was cast into at this temperature. Casting was done under a reduced atmosphere. All the castings were bench-cooled in the mold.
After the investment had been broken off, the condition of the sample surface was noted. Then the sample was sandblasted and the threaded ends machined to fit the sample holder. The shape and dimensions of the test sample follow ADA specifications.* The soundness of the sample was checked by x-ray before pulling and a Ohio.
Stellite Div., Kokomo, Ind. typical radiograph is shown in Figure 2 . The samples were pulled in a Riehle testing machine. The mechanical properties that were obtained were ultimate tensile strength. 0.1% yield point, and elongation.
Analysis of Data
The statistical analysis consisted of several different analysis of variance tests and computation of means and of standard deviations. To reduce the burden of hand calculation an analysis of variance programt and a standard statistical program$ were used on an IBRI 7090 computer to do the statistical calculations.
A factorial design was set up to study the variabIes. Each variable was divided into one or more levels. The variables, called factors, and levels considered are listed in Table IV . The alloy composition also was a variable but sirice the alloys were so obviously different, in this phase of the investigation, no comparison was made from the viewpoint of the composition. 
The first two types of spruing patterns included the factor of direction, but the horizontal spruing pattern (due to its design) did not include the factor of direction.
First the analysis was run considering all factors. F-values were considered and the significant points of variation \\-ere 'noted. Then t-tests were run since the F-test could not differentiate among the spruing methods and the t-test gives more detailed evaluation.
Then the factor of pattern was neglected and an analysis was conducted for each type of pattern. Hence, the effects of temperature, wax, and direction were determined without the influence of spruing method.
At all points where a significant difference in properties u-as indicated, the actual properties were determined. The analysis of variance technique simply indicates that a difference in values exists, it does not point out which value is better. Also, the overall means for the properties were determined to give some basis of comparison with properties normally obtained with these alloys.
Two analysis of variance tests were conducted.
RESULTS
The first test run was an analysis of variance for all factors as
The results for the F-value tests are given in Spruing method was highly significant in all instances and shown in Table IV.  Table V. in certain cases temperature of casting was significant. Table VI gives the results from the t-tests. This shows which of the spruing methods had a difference. Also, the factor of direction showed up as significant a t the 95% limit for elongation of 17.7. The vaIues of Multimet are riot recorded in these tables because of incomplete data for some of the vent samples. This lack of data resulted from either thread failure during casting or rejection because of hair-line breaks in the threads after casting. Multimet was run separately and the results are presented after the results for the other three alloys. Table VII gives the mechanical properties at each point in Tables V and VI where a factor was found to be significant.
Since the factor spruing in all cases had such a significant effect, a t-test analysis was run for each type of spruing. From this type of test, the effects of the remaining variables on a particular type of pattern were studied. The form was the same as before except for the factor spruing.
The factor temperature becomes more significant and, for vent patterns, direction is significant. Note that the limits on the t-values are 99 and 99.5 as compared with the limits of 95-99.5 in Tables V and VI.  Table IX gives the properties at each point in Table VIII where a factor was found to be significant.
In general these parallel the results for the other alloys. Table X I gives the overall values for the properties of these four alloys.
Results are given in Table VIII . Table X gives the results for Multimet. Although these alloys were cast with a variation in procedure, they were not cast following a procedure which would optimize their properties. Therefore, in some instances, the results were not what would normally be expected with the alloy. For example, 17-7 is a heat-treatable alloy and has usual values twice those in this report. Table XI1 shows the values usually given for these alloys. A comparison with Table X I shows that the properties obtained in this study were similar for tensile strengths. However, the values for elongations average much lower. This may be due to improper feeding with various spruing designs. Poor feeding results in microporosity. This defect will have a greater effect on elongation than on ultimate tensile strength. The variables presented in Table IV are considered as being influential on the properties of the dental casting. However, Table V shows that of all the variables, spruing design is most important. Samples made by the feed method had the lowest property values. These values were improved for the vent method. However, the flat method of spruing consistently gave the best properties.
Since the flat method consistently gave improved properties for all the alloys, this method is truly a better way of spruing the samples. This method is also the most desirable from the clinical viewpoint. Not only is a sound casting obtained, but the amount of metal used to make the test sample is the same as that for the actual dental casting.
